Introduction
Bagasse is a cellulose fibre remaining after the extraction of the sugar-bearing juice from sugarcane. Biomass is an important source of energy in tropical countries. Bagasse is one of the biomass sources and valuable by products in sugar milling that often uses bagasse as a primary fuel source to supply all the energy needs to power the plants. Burning bagasse as an energy source yields its ash, considered as a waste causing disposal problems. It is well-known that bagasse is an alternative source of energy with high silica content. Several studies have investigated bagasse ash potential applications such as producing silica gel as adsorbent, raw material for ceramic, cements and concrete additives, catalyst, cosmetics, paint and coating, etc. based on its characteristics. The silica contents of bagasse and its ash vary depending on the type of soil, environment and harvesting period and process [1] .
According to Aigbodion et al. [2] , bagasse is the matted cellulose fibre residue from sugar cane that has been processed in a sugar mill. Previously, bagasse was burnt as a means of solid waste disposal. However, as the cost of fuel oil, natural gas, and electricity has increased, bagasse has come to be regarded as a fuel rather than refuse in the sugar mills.
The sugarcane bagasse consists of approximately 50% of cellulose, 25% of hemicelluloses and 25% of lignin. Each ton of sugarcane generates approximately 26% of bagasse (at a moisture content of 50%) and 0.62% of residual ash. In order to be used as a mineral the residual sugarcane ash must have appropriate physical and chemical properties [3] . According to Janjaturaphan and Wansom [4] , it is common to reutilize sugar cane bagasse as a biomass fuel in boilers for vapour and power generation in sugar factories. Depending on the incinerating conditions, the resulting sugar cane bagasse ash (SCBA) may contain high levels of SiO 2 and Al 2 O 3 , enabling its use as a supplementary cementious material (SCM) in blended cement systems.
Several authors from different regions of the world had researched on sugarcane bagasse and its ash and their alternative applications. Among others is Worathanakul et al.
[1] who used sugarcane bagasse, from local market and bagasse ash from sugarcane bagasse burnt in factory boilers, the ash was further burnt with and without oxygen for three hours and the burnt ash treated in oxygen with acid and their results show that the silica contents were 75.142%, 29.849% and 89.037% respectively. According to Affandi et al. [5] , different composition of silica xerogels were prepared using three methods. The first methods was pre-treatment of sugarcane bagasse ash using acid washing, the second was re-treatment of the prepared bagasse ash using cation exchange resin and drying while the last method was washing of dried gels using de-mineralized water. Silica was extracted from 10g sugarcane bagasse ash using 60ml of 2M NaOH producing sodium silicate. Their results show that the silica content of raw bagasse ash was 50.360% and for methods 1-3 were 91.580%, 99.37%, 99.160% respectively. Cordeiro et al. [6] characterised bagasse obtained in stock area and the boiler respectively, of a sugar and alcohol factory situated in the city of São João da Barra Brazil; the silica, alumina and iron oxide contents of the bagasse ash were 78.340%, 8.550% and 3.610%, respectively. Janjaturaphan and Wansom [4] reported the composition of bagasse ash from four different locations as silica: 75.96%, 77.21%, 75.27% and 74.67%, alumina: 5.32%, 4.69%, 5.38% and 4.85%, iron oxide: 2.22%, 2.05%, 2.54% and 2.12%, Lime: 3.87%, 3.30%, 3.74% and 3.80%, respectively. Amin [7] reported silica, alumina, iron oxide and lime of 87.40%, 3.60%, 4.90% and 2.546%. Chusilp et. al. [8] Researches all over the world today are focusing on ways of utilizing either industrial or agricultural wastes as a source of raw materials for the industry. However, various studies on bagasse ashes have revealed different compositions depending on the sources of the bagasse and hence the need to determine the characteristics of Nigerian bagasse ashes. This work was therefore carried out to synthesize and characterize the Savannah sugarcane bagasse ash obtained under factory processing conditions to determine its silica and alumina contents and its suitability as reinforcement in metal matrix composites. The present research is the first among the series of researches conducted and is aimed at determining the silica and alumina potential in Savannah sugarcane bagasse ash.
II.
Materials and Methods
2.1Materials
The bagasse was collected from Savannah Sugar Company Numan, Adamawa state of Nigeria. The sugarcane bagasse was obtained directly from processing unit, washed and then dried under sun rays in the factory site. No further treatment was given to the sugarcane bagasse therefore, it was used as supplied from the factory.
Equipment and Tools
The main equipment and tools used in the research include metallurgical furnace, stainless steel crucible, tong, Herzog pelleting machine, somatic C7-621 grinding machine, pellets cups, sample bags, X-ray fluorescence (XRF) machine, sieve, Herzog weighing balance and spoon.
Material Burning
Stainless steel container was used as a crucible to burn the bagasse at temperatures of 500 o C, 600 o C and 700 o C in a metallurgical furnace, having temperature range of 0-1200 o C, for a period of two hours in the laboratory of the department of Mechanical Engineering, Modibbo Adama University of Technology, Yola. The masses of the bagasse used M 1 , and ash remain M 2 after burning were measured using electric weighing balance and mass loss M 3 and their percentages were calculated.
Ash Sample Preparation and Chemical Composition Analysis
The sugarcane bagasse ash was first ground to powder for 60seconds in a somatic C7-621 grinding machine made by Herzog Company Ltd. Thereafter, 20g of the ground bagasse ash samples was mixed with approximately 0.4g of stearic acid as flux and binder and put into the grinding machine for another 60s. One third of a pelleting dish was filled with stearic acid while the remaining volume was filled with the ground bagasse ash-stearic acid sample after which it was loaded into Herzog pelleting machine and pelleted at a force of 200kN.
The pellets were then taken to automatic XRF machine for analysis. The pellets were put in a sample pot and arranged in the prescribed positions in the machine, from where the machine automatically picked the pellet samples one by one into the analysis hole and the result of the chemical composition of each sample was displayed after 3minutes on a monitor of a computer interfaced with the machine.
III.
Results and Discussion
Results
The masses of bagasse M 1 , ash remain M 2 and losses M 3 together with the percentage ash remain and losses are as shown in Table 1 and Fig. 1 . The chemical compositions of the bagasse ash at different temperatures are shown in Table 2 while variation of silica and alumina total content and that of the other constituents in the bagasse ash with the temperature of burning are shown in Figs. 2 and 3 , respectively. 
Discussion of Results
From the results, the mass of ash remain was highest at temperature of 500 o C and least at 700 o C. Consequently, the percentage loss at 700 o C was highest followed by those of 600 o C and 500 o C. This clearly explains that high quality ash is obtained at 700 o C due to complete burning leading to loss of all the carbonatious matters in the bagasse and the removal of all the volatile matters without allowing them to react with any material in the bagasse during burning. The silica contents are 76.168%, 76.292% and 77.286%, alumina contents are 11.079%, 11.410% and 10.951% and iron oxide are 3.700%, 3.739%, and 3.660% at 500 o C, 600 o C and 700 o C, respectively. High quantity of silica and alumina total content in the bagasse burnt at 700 o C (Figure 2 ) makes its ash to be high quality. [12] . The low level of SiO 2 and Al 2 O 3 in bagasse ash obtained in Muazu [12] and Gandhi [11] could be attributed to incomplete burning of the bagasse.
Thus based on the results of the present study, the sugarcane bagasse ash obtained by burning Savannah sugarcane bagasse is capable of having good reinforcing property as it contains high silica and alumina contents with a minimum of 76.168% and 10.951%, respectively and it could therefore be used in metal matrix composites.
IV. Conclusions
The following conclusions were drawn: 1. Burning bagasse leads to production of bagasse ash of up to 12.646% of the mass of the bagasse at 500 o C, 10.889% at 600 o C and 9.948% at 700 o C. 2. Silica contents of the bagasse ash on mass percentage basis were found to be 76.168%, 76.292% and 77.286% for 500 o C, 600 o C and 700 o C, respectively. 3. Alumina contents on mass percentage basis were 11.079%, 11.410% and 10.951% for 500 o C, 600 o C and 700 o C, respectively. 4. High quality ash was obtained by burning bagasse at 700 o C due to complete burning of the bagasse leading to high losses and hence low quantity of ash in the container. 5. Savannah sugarcane bagasse ash has high total content of silica and alumina and could therefore serve as reinforcement in aluminium matrix composites V. Recommendations 1. Practical application of the Savannah bagasse as reinforcement in composites should be carried out to establish its viability. 2. Additional alternative applications of Savannah bagasse ash should be exploited so that the disposal problem will be reduced to bearest minimum. 3. Research to characterise all the bagasse ash of different origins in Nigeria should be done so that the quality of Nigerian bagasse ash will be clearly established.
